Introduction
Osteoarthritis of the knee is characterized by wearing of the articular cartilage with subsequent damage to the bones, synovial membrane, and meniscus. The most common findings of osteoarthritis include pain, chronic effusion, osteophyte formation around the joint, subchondral sclerosis and cyst formation and degeneration or tear of the meniscus. Treatment options for osteoarthritis consist of conservative management, arthroscopic debridement, osteotomy and joint replacement. With the advancement in arthroscopic equipment and increased understanding on the pathophysiology of osteoarthritis in the 1970s, the advantages of minimally invasive arthroscopic techniques have become apparent. In 1990, Burks 1) described for improving symptoms by washing out proteolytic enzymes and loose tissues in the joint that cause pain. Currently, this procedure is considered to produce short-term relief or unsatisfactory results, and thus is viewed as a part of debridement 7, 8) .
Meniscectomy
Degenerative tears are commonly observed in osteoarthritic patients presenting with knee pain and loss of function. Considering that degenerative tears can occur secondary to arthritis, it is important to determine whether the symptoms are due to osteoarthritis or the tear of the meniscus.
Although meniscectomy is a common procedure, the load on the knee may increase by 45% even after a partial removal of the meniscus, which can accelerate the progression of arthritis and increase the necessity for arthroplasty. Pearse and Craig 9) found that patients with Outerbridge grade 4 cartilage degeneration and meniscus tear required additional surgery at a mean of 52 months after partial meniscectomy compared to the control group and concluded that the procedure does not stimulate the progression of arthritis. On the other hand, Rangger et al. 10) reported that osteoarthritis progressed in 38% of patients with medial meniscal tears and 24% of patients with lateral meniscal tears at a mean of 53.5 months after arthroscopic partial meniscectomy that was performed on a total of 284 patients. Some studies have shown that partial mesniscectomy that has been generally considered more effective for early stage of osteoarthritis can be relatively helpful for advanced stage osteoarthritis. Lotke et al. 11) reviewed 101 patients (mean age, 55.6 years) who underwent medial meniscectomy for the mean of 10.8 years. The postoperative results were good in 90% of patients with normal preoperative radiographs, whereas only in 21% of the patients with more than moderate pre-existing degenerative changes. Therefore, they concluded that the preoperative level of degeneration is an important prognostic factor in meniscectomy, whereas age has no influence on the outcome. Further, they suggested that the major cause of symptoms should be identified prior to the procedure especially in elderly patients. McBride et al. 12) followed up 63 patients (mean age, 56.5 years) who underwent medial meniscectomy for the mean period of 35 months. In the study, satisfying results were obtained in 96% of the patients without arthroscopic evidence of degenerative changes, whereas in 65% of patients with degenerative changes. They concluded that the presence of preoperative degenerative changes affects postoperative results. Crevoisier et al. 13 degenerative arthritis and medial meniscal tears preoperatively and were followed up for a mean period of 52 months. The postoperative Lysholm score and visual analogue scale score were improved in 82% and total knee arthroplasty (TKA) was required in 5.9% at a mean of 49.8 months postoperatively, indicating that partial meniscectomy could improve symptoms in Outerbridge grade 4 patients and delay TKA. This study shows that partial meniscectomy can also be helpful for advanced osteoarthritis.
Osteophyte Excision
Osteophytes are the most common radiographic findings in osteoarthritis. When articular cartilage is damaged, transforming growth factor-β promotes cartilage repair resulting in endochondral ossification and osteophyte formation during which neurovascular invasion and innervation occur. Hyaline cartilage damage is the major pathology of arthritis. However, the local cause of pain in arthritis has not been clearly identified because cartilage does not contain nociceptive fibers. Cicuttini et al. 16) investigated the influence of joint space narrowing and osteophytes on knee pain in 250 middle-aged female patients. They reported that the presence of osteophytes was the more accurate predictor of knee pain, but did not clarify whether osteophyte itself was the cause of pain. Sengupta et al. 17) reported that the radiographic evidence of osteophytes was not related to the presence, location, and severity of pain contrary to their hypothesis. In contrast, Ozdemir et al. 18) reported that the size, location, and direction of osteophytes and the joint space narrowing were correlated with passive and active range of motion (ROM) in 84 osteoarthritic patients with chronic knee pain. Steadman et al. 19) and Fond et al. 20) reported satisfactory results of excision of osteophytes, which was the cause of limited knee extension and impingement. However, osteophyte excision was accompanied by other procedures for osteoarthritis in these studies making it difficult to determine the efficacy of the procedure.
Chondroplasty
The purpose of chondroplasty is not to promote regeneration but to prevent further mechanical damage to the remaining cartilage. Removal of the damaged area of the cartilage can be done precisely with the use of laser or high-frequency energy which is advantageous over shaver in terms of securing accessibility during surgery. Initially, laser was expected to be helpful for preventing damage to the intact cartilage and articular cartilage roughening, which can occur during mechanical shaving. However, severe abrasion on the intact cartilage, osteonecrosis, and high cost are increasingly recognized as problems of the use of laser. In particular, Holmium:Yag (Ho:YAG) laser that has been used in arthroscopic surgery because of its affinity for water theoretically appears to be useful for chondral lesion treatment. However, its efficacy has been in question because treatment success appears to be highly dependent on the kind and location of the lesion, technique, and experience of the surgeon.
Radiofrequency is an electrical current that produces heat when it passes through body tissues. It can be classified into monopolar (energy that is transmitted through tissues) and bipolar (energy that is transmitted through arthroscopic fluid). Recently, radiofrequency has been introduced in the treatment of articular cartilage lesions and considered effective for halting the progression of arthritis and functional impairment. It has been considered both economical and safe and used in various clinical settings. However, its efficacy for articular cartilage lesion treatment has remained controversial due to the risk of normal tissue damage and osteonecrosis. Kaplan and Uribe 21) reported that chondrocytes were viable without any alterations in collagen or microstructure after chondroplasty using bipolar radiofrequency. Turner et al. 22) compared the results of bipolar radiofrequency ablation and mechanical shaving in an animal model three months postoperatively. There was less histological change and greater clinical improvement in the radiofrequency ablation group. Ko et al. 23) reported that bipolar radiofrequency can be useful for treating chondromalacic cartilage when used in a contact mode with a proper energy level and delivery time, although a long-term follow-up is necessary for accurate evaluation. Kaab et al. 24) recommended to use bipolar radiofrequency with caution because damage to normal cartilage was observed at 24 weeks after application in their animal model. Hogan and Diduch 25) reported a case of progressive articular cartilage loss following bipolar radiofrequency treatment. Likewise, there is no consensus among authors on the efficacy of radiofrequency thermal ablation because it is dependent on the energy level, delivery time, characteristics of a lesion, and type of electrode.
Bone Marrow Stimulation for Chondral Lesion
Procedures for subchondral bone exposure caused by articular cartilage loss include arthroscopic drilling and abrasion arthroplasty, a 1-2 mm abrasion of the exposed subchondral bone in patients with a low level of activity and deformity. The procedures have been known to produce short-term symptomatic improvement. However, proper indications and contraindications, as well as evidence of efficacy have not been clearly established and durability of resulting fibrocartilage regeneration has been questionable.
In 1994, Rodrigo et al. 26) reported that microfracture that is based on the same principles as abrasion arthroplasty results in 1) less tissue damage by not causing heat necrosis of the subchondral bone and bone marrow and 2) decompression and pain relief if the depth and extent of fracture is adjusted to 3-4 mm. Continuous passive motion following debridement and microfracture improved clinical outcomes and articular cartilage condition in 85% of the patients. However, the results have not been compared with those of debridement only. In addition, the procedure does not generally yield satisfying results in elderly patients with symptomatic osteoarthritis and extensive articular cartilage lesions.
Discussion
In 2002, Moseley et al. 6) reported that arthroscopic debridement was no better than a placebo procedure in patients with ≥K-L 3 (≥moderate loss of joint space) in a placebo-controlled trial. Subsequently, the Arthroscopy Association of North America (AANA) officially announced that a proper arthroscopic procedure can be particularly beneficial to a specific group of osteoarthritic patients 7) . Afterwards, Jackson and Dieterichs 2) reported that arthroscopic debridement could be effective for early osteoarthritis based on the 4-6 years of follow-up results. Aaron et al. 27) observed improvements in 90% of patients with early osteoarthritis, whereas in 25% of the patients with advanced osteoarthritis during the 34 months of follow-up period after arthroscopic debridement. Steadman et al. 19) reviewed the results of joint insufflation and conventional arthroscopic debridement procedures in patients with ≥K-L 3 osteoarthritis for a minimum 2 years of follow-up. Satisfying results were obtained in 71% of patients, indicating that debridement would improve joint function and level of activity. On the other hand, Siparsky et al. 28) reviewed the current literature and concluded that arthroscopic debridement may have some level of utility in knees with low-grade osteoarthritis, but it cannot be a routine treatment for all osteoarthritic patients. Kirkley et al. 3) assessed the efficacy of arthroscopic debridement using a study design that compensates for some shortcomings of a Moseley's study and found that arthroscopic debridement was not advantageous over optimized physical and medical therapy in patients with ≥K-L 2 osteoarthritis. Litchfield et al. 4) performed arthroscopic treatment on the knees with moderate osteoarthritis in a similar method as Steadman and reported that the procedure had no additional benefits over conservative treatment. These studies indicate that arthroscopic debridement is a procedure still surrounded by controversy. The prevalence of a meniscal tear is high in middle-aged and elderly patients with ≥K-L 3 osteoarthritis and 61% of those with MRI evidence of a meniscal tear do not present with pain 29) .
Bhattacharyya et al. 30) reported that MRI showed meniscal tears in 91% of the osteoarthritic patients with ≥45 years of age and 76% of them had no symptoms. Therefore, they concluded that meniscal tears are common in osteoarthritic knees regardless of the presence of symptoms. In addition, the presence of a tear was neither associated with the level of pain nor had a significant influence on the knee function. Therefore, a meniscal tear may not be the cause of knee pain and it is difficult to determine the cause of pain in knees with both osteoarthritis and meniscal tears. In particular, a meniscal tear is not the major cause of pain in most of the cases with K-L 3-4 osteoarthritis. In general, the need for orthopedic surgery is determined based on the symptoms, quality of life assessment, and disabilities, albeit difficult to quantify. However, anatomical and MRI abnormalities are not related to the symptoms of joint disorders and correction of abnormalities does not necessarily result in functional improvement. Therefore, Marx 31) emphasized the need to individualize decision making on surgery for osteoarthritis, although arthroscopic surgery remains appropriate when osteoarthritis is not believed to be the primary cause of knee pain. The prognostic factors include clinical symptoms in the affected joint, mechanical symptoms, duration of morbidity, presence of a meniscal tear, ROM, lower limb alignment, joint space narrowing, age, weight, and smoking. Favorable prognostic factors are listed in Table 1 . The National Institute for Clinical Excellence (NICE) provided updated guidelines for arthroscopic treatment of osteoarthritis in 2007 where the importance of proper patient selection was emphasized because its efficacy is uncertain and the procedure was recommended for the knees with locking associated with intraarticular loose bodies or meniscus tears. According to the 2008 osteoarthritis treatment guidelines set by the American Association of Orthopedic Surgery (AAOS), arthroscopic debridement or lavage is not recommended for patients with primary diagnosis of symptomatic osteoarthritis of the knee (Recommendation 18), whereas the partial meniscectomy or loose body removal can be an option in the knees with mechanical symptoms of a torn meniscus or loose body, such as catching or locking (Recommendation 19) 32) . The indications for arthroscopic debridement based on the review of clinical studies on patient selection 27, [33] [34] [35] [36] [37] [38] [39] can be summarized as follows: joint effusion, localized joint line tenderness, acute or aggravating mechanical symptoms, such as catching or locking, development or aggravation of symptoms related to a specific injury mechanism, intraarticular loose body confirmed with imaging, and early stage degenerative arthritis without appearance of malalignment, severe joint space narrowing (≤5 mm), and multiple or large-sized osteophytes. Weight-bearing radiographs, medical records, and physical examination results should be thoroughly evaluated. In addition, care should be taken to the fact that MRI has low specificity and high sensitivity for osteoarthritis of the knee. The patient should be fully aware that the goal of arthroscopic treatment is not to cure the disorder but to relieve pain. Arthroscopic treatment can contribute to symptomatic improvement in patients with advanced osteoarthritis if severe acute pain related to catching or locking occurs in the affected compartment, symptoms related to meniscal tear, loose body, or an articular cartilage flap exist in an intact compartment, or patellofemoral impingement, loss of extension, bursitis, synovitis, intraarticular ligament damage, which is caused by a large-sized osteophyte is present.
Conclusions
The efficacy of arthroscopic treatment for osteoarthritis of the knee is limited by poor natural history of osteoarthritis. For successful treatment results, care should be taken to detailed medial history including related symptoms and signs, thorough physical examination, and clinical findings on weight-bearing radiographs for proper patient selection. Furthermore, the surgeon should provide sufficient information on the benefits and risks of the treatment prior to surgery in order to help the patient better understand the implications of the surgery.
